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TITLE OF THE INVENTION: 



MONITORING OF ULTRA-HIGH PURITY PRODUCT 
STORAGE TANKS DURING TRANSPORTATION 



CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a Continuation-ln-Part of Serial No. 10/101,340 filed on 
March 19, 2002, which is incorporated herein by reference. 



5 BACKGROUND OF THE INVENTION 

[0001] The safe transportation and storage of hazardous, high purity and ultra-high 
purity products are important in the manufacture of specialized components in the 
electronics and related industries. These transportation and storage procedures must 
meet all safety and environmental regulations set by government agencies in the 
10 countries and jurisdictions involved. In addition, transportation and storage methods 
must maintain the high and ultra-high purity requirements of the manufacturers that 
utilize these products. 

[0002] Some of these products are used in moderate quantities and can be transported 
and stored in standard cylinders, for example, as compressed liquefied gases. As the 
15 demand for such high purity and ultra-high purity products grows, it becomes desirable to 
ship the products in larger, bulk containers which can be handled by standard modular 
shipping methods via truck, rail, ship, and air. As such containers become larger, the 
prevention of leaks and accidental emissions becomes correspondingly more important. 

[0003] Modular transportation of these products in large volumes can be facilitated by 
20 mounting storage tanks within standard-sized structural frames which can be loaded and 
unloaded using standard cranes and lifts, and which can be shipped by standard 
modular shipping methods. It is desirable to maximize the volume of product in the tanks 
which are mounted in these standard-sized structural frames while meeting the safety, 
environmental, and product purity requirements associated with these shipping methods. 
25 There also is a need to monitor potential contamination of the products in the tanks 
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during transportation from a filling location to an end user location. These needs are met 
by the transportation and storage system of the present invention as described below 
and defined by the claims that follow. 



5 BRIEF SUMMARY OF THE INVENTION 

[0004] An embodiment of the invention relates to a system for the transportation and 
storage of a product comprising a tank including a cylindrical wall section and two ends, 
wherein the cylindrical wall section and two ends define a cylindrical tank periphery, and 
wherein the tank periphery has an interior and an exterior. The system includes a valve 

10 box comprising one or more side walls, a bottom wall, and a removable, sealable top 

cover which can be attached to the one or more side walls to seal the valve box, wherein 
the valve box side walls are sealably joined to the cylindrical wall. One or more process 
valves are disposed in the valve box, wherein each valve has a first and a second end, 
wherein each first end is connected to a pipe which passes through a wall of the valve 

15 box for introducing product into the tank or withdrawing product from the tank. The 
system also includes a purge valve and pressure measurement means in fluid 
communication with the valve box. The product in the tank is isolated from the 
atmosphere surrounding the tank when the valve box is sealed. 
[0005] The valve box may be at least partially recessed and may be at least partially 

20 disposed in the interior of the tank periphery. The valve box cover, when attached to the 
one or more side walls of the valve box to form a sealed valve box, may be disposed at 
the tank periphery or may be exterior to the tank periphery. 

[0006] The sealed valve box preferably is isolated from the atmosphere surrounding 
the tank and may include temperature measurement means for determining the 

25 temperature in the valve box. 

[0007] Typically, the valve box is cylindrical and has a circular bottom wall, a circular 
top cover, and a cylindrical center portion forming a single side wall. The purge valve 
may be connected to a sealable closure which can be connected to a fill line for 
introducing purge gas into the valve box. The maximum allowable working pressure of 

30 the valve box when sealed may be equal to or greater than the maximum allowable 
working pressure of the tank. 

[0008] Each second end of the one or more process valves may be connected to a 
sealable closure which can be connected to a fill line for introducing product into the tank 
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from an external source, connected to a withdrawal line for withdrawing product from the 
tank for external use, or sealed closed for transportation or storage of the product in the 
tank. Each sealable closure may be disposed in the valve box and within the tank 
periphery. The tank may contain product in coexisting liquid and vapor phases, wherein 
5 a fill line may be adapted for introducing liquid into the tank and a withdrawal line is 
adapted for withdrawing vapor from the tank. 

[0009] The tank may contain a product selected from the group consisting of ammonia, 
chlorine, hydrogen chloride, trichlorosilane, silicon tetrachloride, and 
methyltrichlorosilane. Alternatively, the tank may contain a solid particulate component 

10 and gas, wherein the fill line is adapted for introducing a mixture of the solid particulate 
component and gas into the tank and the withdrawal line is adapted for withdrawing a 
mixture of the solid particulate component and gas from the tank. In another alternative, 
the tank may contain a slurry of a solid particulate component and a liquid component, 
wherein the fill line is adapted for introducing a slurry of the solid particulate component 

15 and the liquid component into the tank and the withdrawal line is adapted for withdrawing 
a slurry of the solid particulate component and the liquid from the tank. 
[0010] The axis of the tank may be generally horizontal, the tank has a top and a 
bottom, the valve box may be disposed in the top of the tank, and a pipe may be 
connected to the first end of a valve to form a dip tube which extends through and 

20 downward from the valve box to a location adjacent the bottom of the tank. 

[001 1] The system may further comprise a rigid framework surrounding the tank and 
valve box, wherein the framework is attached to and supports the tank, and wherein the 
framework defines a periphery which encloses the periphery of the tank. The valve box 
may be disposed within the periphery of the rigid framework. 

25 [0012] The system may further comprise analytical means for analyzing fluid withdrawn 
from the valve box when the valve box is sealed or for analyzing fluid in situ in the valve 
box when the valve box is sealed. 
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[0013] In another embodiment, the invention includes a method for the transportation 

of a product, which method comprises: 

(a) providing a system which comprises 
5 (1) a tank including a cylindrical wall section and two ends, 

wherein the cylindrical wall section and two ends define a cylindrical tank 
periphery, and wherein the periphery has an interior and an exterior; 

(2) a valve box including one or more side walls, a bottom wall, 
and a removable and sealable top cover which can be attached to the one 

10 or more side walls to form a sealed valve box, wherein the valve box side 

walls are sealably joined to the cylindrical wall section; 

(3) one or more process valves disposed in the valve box, wherein 
each valve has a first and a second end, wherein each first end is 
connected to a pipe which passes through a wall of the valve box for 

15 introducing product into the tank or withdrawing product from the tank, 

and wherein product in the tank is isolated from the atmosphere 
surrounding the tank when the valve box is sealed; and 

(4) a purge valve and pressure measurement means in fluid 
communication with the valve box; 

20 (b) introducing product into the tank through at least one of the one or 

more process valves, through a pipe connected to the first end of the process 
valve, which pipe passes through the wall of the valve box and into the tank; 

(c) closing the one or more process valves, thereby isolating the product 
in the tank at a product pressure, and attaching the sealable top cover to the one 

25 or more side walls of the valve box; 

(d) at a first time, purging the valve box with a purge gas, pressurizing the 
valve box to a pressure between the product pressure and atmospheric pressure, 
closing the purge valve, and measuring and recording the pressure in the valve 
box; and 

30 (e) at a second time later than the first time, measuring the pressure in the 

valve box and comparing the pressure at the second time to the pressure in the 
valve box measured in (d) at the first time. 
[0014] The system used in this method may further comprise a rigid framework 
surrounding the tank and valve box, wherein the framework is attached to and supports 
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the tank, and wherein the framework defines a periphery which encloses the periphery of 
the tank. The valve box may be disposed within the periphery of the rigid framework. 
[0015] The method may further comprise transporting the system from a first location 
to a second location during a time period between the first time and the second time. 
5 The method may further comprise measuring the temperature in the valve box at the first 
and second locations, correcting the pressure at the second location to yield a 
temperature-corrected pressure at the second location, and comparing the temperature- 
corrected pressure at the second location with the pressure measured at the first 
location. 

10 [0016] When the temperature-corrected pressure in the valve box at the second 

location is greater than the pressure measured in the valve box at the first location, the 
system may be transported from the second location to the first location. When the 
temperature-corrected pressure in the valve box at the second location is less than the 
pressure measured in the valve box at the first location, the fluid in the valve box may be 

15 analyzed, and if the fluid in the valve box contains product, the system may be 
transported from the second location to the first location. When the temperature- 
corrected pressure in the valve box at the second location is essentially equal to the 
pressure measured in the valve box at the first location, the fluid in the valve box may be 
analyzed, and if the fluid in the valve box contains product, the system may be 

20 transported from the second location to the first location. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

[0017] Fig. 1 is an isometric drawing of an exemplary modular transportation and 
storage system of the present invention. 

25 [001 8] Fig. 2 is a partial view of the top portion of the system of Fig. 1 . 

[0019] Fig. 3 is a top view of an exemplary recessed valve box which may be mounted 
in the system of Fig. 1 . 

[0020] Fig. 4 is a section of Fig. 3 showing an exemplary valve and sealable closure 
assembly installation. 

30 [0021] Fig. 5 is a modification of the system of Fig. 4 having a valve and pressure 
gauge mounted on the cover of the recessed valve box. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0022] The invention relates to a system and method for the transportation of products 
which must be isolated from the atmosphere and maintained in a state of high purity or 
5 ultra-high purity. These products may be environmentally harmful and in such cases 
isolation from the atmosphere is particularly important. The system can be adapted for 
modular transportation of these products in large volumes by mounting storage tanks 
within standard-sized structural frames. The system can be described as a bulk 
container which can be loaded, shipped, and unloaded using standard modular shipping 
10 methods via truck, rail, and ship. 

[0023] Schematic isometric drawings of an exemplary embodiment of the invention are 
given in Figs. 1 and 2. Modular tank and frame system 1 comprises tank assembly 3 
mounted and fixed within structural framework 5 (Fig. 1) which is designed to support the 
tank assembly and allow safe loading, shipping and unloading by standard industry 
15 methods. Structural framework 5 may be fitted with lifting lugs or other attachments (not 
shown) which allow the entire system 1 to be lifted and moved during loading and 
unloading, as well as attached to transportation means such as truck trailers or rail cars. 

[0024] Removable top cover 7 seals a valve box disposed within the periphery of 
framework 5 and disposed partially or completely within the periphery of tank assembly 

20 3. Valves and sealable connections utilized for filling and withdrawal of product are 

located in the valve box as described later. Framework 5 may be fitted with catwalks 9 
and ladder 1 1 for access to top cover 7. Modular tank and frame system 1 preferably is 
constructed using the specifications and standard dimensions required by government 
and shipping industry organizations such as the United States Department of 

25 Transportation (DOT) and the International Organization for Standardization (ISO). For 
example, the dimensions of modular tank and frame system 1 as defined by the 
periphery of framework 5 may be in accordance with the ISO standard shipping 
container dimensions of 20 ft x 8 ft x 8 ft 6 in high. 

[0025] The use of top cover 7 and the valve box disposed within the periphery of 
30 framework 5 allows modular tank and frame system 1 to meet all safety and 

environmental regulations set by government agencies in the countries and jurisdictions 
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involved. In addition, it ensures that high and ultra-high purity product requirements are 
met during both transportation and storage of modular tank and frame system 1 . 

[0026] Modular tank and frame system 1 should be fabricated using methods and 
materials specified by the appropriate government and shipping industry organizations. 
5 Tank 3 should be fabricated of appropriate known alloys to ensure both corrosion 

resistance and product purity requirements, and optionally may be lined with appropriate 
materials to meet these requirements. The maximum allowable working pressure of 
tank 3 as defined by the American Society of Mechanical Engineers (ASME) or the 
United States Department of Transportation (DOT) may be as high as 500 psia. 

1 0 [0027] Top cover 7 is installed using appropriate gasket materials and a plurality of 

threaded bolts 13 around the periphery of the circular cover. This allows the valve box to 
be sealed during transportation and storage, and opened during filling and product 
withdrawal operations. Handles 14 (Fig. 2) allow cover 7 to be lifted and moved during 
tank opening and closing operations. Preferably, the maximum allowable working 

15 pressure of the valve box with top cover 7 installed and sealed is equal to or greater than 
the maximum allowable working pressure of tank 3. This ensures that any leakage of 
the valves or sealable connections within the valve box during transportation and storage 
is contained until tank and frame system 1 can be transported to a safe location for 
repair. If any damage to the valves or sealable connections occurs during filling or 

20 product withdrawal operations, top cover 7 can be installed and sealed immediately. 

When the maximum allowable working pressure of the valve box sealed by top cover 7 is 
equal to or greater than the maximum allowable working pressure of tank 3, tank and 
frame system 1 can be transported immediately to a safe location for repair without 
requiring an exemption from transportation authorities such as DOT. 

25 [0028] Tank and frame system 1 can be utilized to transport and store a wide variety of 
products, wherein a product may be defined as a fluid or a flowable material which 
comprises one or more components present in two or more coexisting phases. In one 
embodiment, the system may be used for pressurized liquefied gases such as ammonia, 
chlorine, hydrogen chloride, trichlorosilane, silicon tetrachloride, and 

30 methyltrichlorosilane. In this application, product may be loaded into tank 3 as a liquid 
and later withdrawn as a vapor while the liquid vaporizes in the tank. Alternatively, liquid 
could be transferred to another tank under pressure in a transfill operation. 
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[0029] In another embodiment, the tank may be used for a solid particulate component 
which is introduced into the tank and withdrawn from the tank as a gas-solid suspension. 
Examples of such solid particulates may include graphite, carbon, and powdered metals, 
and the gas may be selected from air, nitrogen, argon, and natural gas. In yet another 
5 embodiment, the tank may be used for a slurry of a solid particulate component in a 
liquid component. 

[0030] A top view of the valve box with top cover 7 removed is illustrated in one 
embodiment as shown in Fig. 3. Flange or flange section 15 typically is welded to the 
upper wall area of tank 3 to form an integral part of the tank assembly. A plurality of 
10 threaded bolt holes 17 may be formed in the flange to receive threaded bolts 13 (Figs. 1 
and 2) which seal top cover 7 to the flange when the valve box is sealed. Other types of 
closures may be used as long as these closures are located within the periphery of 
framework 5. 

[0031] The interior of the valve box is defined by cylindrical side wall 19 and bottom 
15 wall 21 as shown in Fig. 4. Bottom wall 21 may be attached by plurality of bolts 23 (Fig. 
3) to a circular bracket or ring (described later) which is part of side wall 19. Valve 25 
typically comprises a handwheel (which is seen in this top view), a valve body which is 
located below the handwheel (and is not seen in this top view), and the usual valve 
internals including a valve stem, threads, packing, and seat. Alternatively, the valve may 
20 be operated by a pneumatic operator rather than a hand wheel. This valve may be a 
well-known type of valve described as an angle valve in which the two inlet/outlet ports 
define an included angle of 90 degrees. In this embodiment, one valve port is oriented 
downward and the other is oriented horizontally as described in more detail below. The 
horizontally-oriented valve port is connected to one end of pipe section 27 which is a 
25 short piece of pipe having a generally 90 degree bend. The other end of pipe section 27 
is oriented upward and is connected to flange assembly or sealable closure 29. The 
downward-oriented port of valve 25 typically is connected to a section of pipe which 
passes through bottom wall 21 into the interior of tank 3. This section of pipe may be 
welded or flanged to bottom wall 21. 

30 [0032] Alternatively, valve 25 may be a bellows-type valve and may be pneumatically 
operated. Valve configurations other than the angle configuration discussed above may 
be used with appropriate piping. 
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[0033] As shown, sealable closure 29 is sealed by a flange and gasket attached by 
flange bolts 31 . When sealed, sealable closure 29 can withstand a maximum allowable 
working pressure equal to or greater than the maximum allowable working pressure of 
tank 3. When valve 25 and sealable closure 29 are open, product can be introduced 
5 therethrough into tank 3 or withdrawn therethrough from tank 3 by attaching appropriate 
fill and withdrawal lines to sealable closure 29. Additional and optional valve 33, pipe 
section 35, and sealable closure 37, which may be similar or identical to valve 25, pipe 
section 35, and sealable closure 29, respectively, also may be used for either product fill 
or product withdrawal. Additional and optional valve 39, pipe section 41, and sealable 
10 closure 43, which may be similar or identical to valve 25, pipe section 35, and sealable 
closure 29, respectively, also may be used for either product fill or product withdrawal. 
Typically, additional valves 33 and 39 each have a downward-oriented port connected to 
a section of pipe which passes through bottom wall 21 into the interior of tank 3, and this 
section of pipe is welded to bottom wall 21 . 

1 5 [0034] At least one valve is needed for fill and withdrawal of product from tank 3, but 
typically more than one valve is used. In one embodiment, the downward-oriented port 
of valve 33 may be connected to a section of pipe which passes downward through 
bottom wall 21 to a point near the bottom of the interior of tank 3. This section of pipe, 
known as a dip tube, may be used to introduce liquid into or withdraw liquid from the 

20 tank. Each of the downward-oriented ports of valves 25 and 39 may be connected to a 
piping assembly which passes downward through bottom wall 21 and into the upper 
portion of tank 33. This embodiment can be used, for example, when the product is a 
pressurized liquefied gas. In this example, the tank is filled with liquid through sealable 
closure 37, pipe segment 35, valve 33, and the section of pipe which passes downward 

25 through bottom wall 21 to a point near the bottom of the interior of tank 3. Vapor product 
is withdrawn from the tank through either or both of the sealable closures 31 and 43, 
pipe segments 27 and 41 , valves 25 and 39, and the piping assembly which passes 
downward through bottom wall 21 and into the upper portion of tank 3. 

[0035] While the valve box described above with reference to Figs. 1-4 has a circular 
30 cross section, other shapes may be used. For example, the valve box cross section may 
be square or rectangular if necessary to meet certain piping and valve design 
requirements. 



-9- 



[0036] The orientation of an exemplary valve, pipe segment, and sealable closure in 
the valve box is illustrated by section 2-2 of Fig. 4. This section is shown in Fig. 4 which 
includes valve 33, pipe segment 35, and sealable closure 37. Valve 39, pipe segment 
41, and closure 43, which lie behind valve 33, pipe segment 35, and sealable closure 37, 
5 are not shown in Fig. 4 for the sake of clarity. Valve 33 includes hand wheel 45, stem 
47, and valve body 49. As explained above, in one embodiment this is an angle valve 
with one port connected to pipe segment 51 which passes through and is welded or 
flanged to bottom wall 21 of valve box 53. The other port is connected to pipe segment 
35 earlier described. Sealable closure 37 comprises flange 53 which is welded to pipe 
10 segment 35, flange 55, bolts 57, and a gasket (not shown) between the flanges. Pipe 
segment 51 may extend downward to the bottom of tank 3 as a dip tube or alternatively 
may extend via any desired piping configuration into upper region 59 of tank 3 (Fig. 4). 

[0037] As described above with reference to Fig. 3, additional and optional valve 25, 
pipe section 27, and sealable closure 29 described earlier may be similar to valve 33, 

15 pipe segment 35, and sealable closure 37. Likewise, additional and optional valve 39, 
pipe section 41, and sealable closure 43 may be similar to valve 33, pipe segment 35, 
and sealable closure 37. The assemblies of valves, pipe segments, and sealable 
closures are generally installed in relation to bottom wall 21 as shown in Fig. 4, but may 
be oriented in any direction relative to side wall 19. For example, as shown in Fig. 3, the 

20 assembly formed by valve 33, pipe section 35, and sealable closure 37 is oriented in one 
direction while the assemblies formed by valves 25 and 39, pipe sections 27 and 41, and 
sealable closures 31 and 43 are oriented in the opposite direction. 

[0038] In the embodiment described above, pipe segment 51 (Fig. 4) extends 
downward to the bottom of tank 3 as a dip tube and the pipe segments connected to the 
25 downward-oriented ports of valves 25 and 39 extend via any desired piping configuration 
into upper region 59 of tank 3. In this embodiment, pipe segment 51 may be used for 
liquid product fill service and the pipe segments connected to the downward-oriented 
ports of valves 25 and 39 (Fig. 3), which extend via any desired piping configuration into 
upper region 59 of tank 3, may be used for vapor withdrawal service. 

30 [0039] Valve 49 typically is fixed in place by virtue of pipe segment 51 , which is welded 
or flanged to the valve and to bottom cover 21 of valve box 53. Bottom cover 21 may be 
connected to the internal structure of tank 3 by means of bolts 61 to ring 63 which is part 
of cylindrical side wall 19 as earlier described. An appropriate gasket (not shown) may 
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be installed between bottom wall 21 and ring 33. Side wall 19 is joined to top wall 67 of 
tank 3 via flange section 15, and threaded bolt holes 17 are disposed in flange section 
15 as earlier described. 

[0040] Valve box 53 can be sealed by attaching top cover 7 to flange section 1 5 with a 
5 gasket between (not shown) and installing threaded bolts 13 into threaded bolt holes 17. 
When sealed, valve box 53 encloses the valves, pipe segments, and sealable closures 
described above. Thus valve box 53 when sealed serves three purposes - it protects 
the valves, pipe segments, and sealable closures from externally-caused mechanical 
damage; it isolates from the atmosphere any leaks which may occur in the valves, pipe 
10 segments, and sealable closures; and it prevents possible contamination of the product 
in the tank by back-diffusion of atmospheric contaminants. 

[0041] The combination of the valves, sealable closures, and sealed top cover 
described above thus provides three levels of functional isolation between the product 
within tank 3 and the outer atmosphere. This significantly reduces the statistical 
15 probability of a product release to the atmosphere caused by mechanical failure during 
transportation or storage. In addition, the three levels of functional isolation between the 
product within tank 3 and the outer atmosphere significantly reduces the possibility of 
product contamination by back-diffusion of contaminants such as water or other 
atmospheric components. 

20 [0042] Preferably, valve box 53 is disposed within the periphery of tank 3 such that all 
valves, pipe segments, and sealable closures are disposed within this periphery. Since 
the periphery of tank 3 is within the periphery of framework 5, all valves, pipe segments, 
and sealable closures would be disposed within the periphery of framework 5. 

[0043] In order to eliminate any possibility of contamination by back-diffusion of 
25 contaminants such as water or other atmospheric components through the various seal 
components and into tank 3, valve box 53 may be pressurized or purged (not shown) 
after closure with a selected inert gas during transportation and storage operations. 

[0044] In one embodiment, the transportation and storage system described above can 
be used for high purity (contaminants up to ppmv levels) or ultra-high purity (impurities 
30 up to ppbv levels) liquefied compressed gases. Ultra-high purity gases traditionally have 
been transported and stored using cylinders with capacities in the range of 0.4 to 500 
liters. Because of the unique design of the transportation and storage system described 
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herein, the system can be used to transport and store ultra-high purity gases in larger 
volumes. For example, when using the system described above with a standard ISO 
frame size of 20 ft x 8 ft x 8 ft 6 in, up to 710 cu ft of product can be shipped and stored. 
This is equivalent, for example, to about 20,000 pounds of ultra-high purity ammonia. In 
5 contrast, the largest available cylinder for this service would have a capacity of 16 cu ft. 

[0045] Another embodiment of the invention provides a method to monitor and detect 
potential contamination of the product in the tank during transportation from a filling 
location to an end user location or during storage at a given location. In a typical 
process of transporting product to the end user location, product is introduced into 

10 interior 59 of tank 3 via valve 49 and optional sealable closure 37. Sealable closure 37 
and valve 49 are closed and top cover 7 is installed and sealed to valve box 53 by 
inserting threaded bolts 13 into threaded bolt holes 17. The tank is transported to the 
end user location and the steps are repeated in reverse order. During transportation, 
leaks may occur across sealable closure 37, closed valve 49, the point at which pipe 

15 segment 51 is attached to bottom wall 21 , and the points at which bottom wall 21 is 
sealed to ring 63. Leaks also may occur where top cover 7 is sealed to flange 
section 15. 

[0046] Such leaks are undesirable because product that leaks into valve box 53 may 
present a personnel hazard when top cover 7 is removed at the end user location. In 

20 addition, product may leak into the atmosphere causing additional potential hazards. 
Further, such leaks may allow back-diffusion of small amounts of gas from the 
atmosphere into valve box 53 and from the valve box into interior 59 of tank 3, thereby 
contaminating the product in the tank. In order to monitor for such potential leaks, the 
system of Fig. 4 may be modified as shown in the embodiment of Fig. 5. In this 

25 embodiment, additional valve 69 having optional sealable closure 71 is mounted on top 
cover 7 or an alternative location to allow flow communication between the interior of 
valve box 53 and the atmosphere when the sealable closure and valve are open. 
[0047] Pressure gauge 73 is mounted on top cover 7 or in an alternative location to 
monitor the pressure within valve box 53 when valve 69 and sealable closure 71 are 

30 closed. As an alternative to pressure gauge 73, a pressure transducer or other pressure 
monitoring device (not shown) may be used. Optionally, a temperature measurement 
device (not shown), such as a thermowell with a thermometer, thermocouple, or other 
device, may be installed in the cover or wall of valve box 53. Optionally, an analytical 
device such as a thermal conductivity probe (not shown) may be installed in the cover or 
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wall of valve box 53 for in situ measurement of the fluid composition in the valve box. 
Optionally, a small sample port (not shown) may be installed in top cover 7 or the wall of 
valve box 53 for withdrawing gas samples for external analysis by any known method. 

[0048] In the embodiment of Fig. 5, valve box 53 is totally recessed within the 
5 periphery of the walls of tank 3. Alternatively, valve box 53 may be only partially 

recessed within the walls of tank 3. In another alternative, valve box 53 may be totally 
outside of the periphery of the walls of tank 3 such that bottom wall 21 of the valve box is 
adjacent to upper wall 67 of the tank or is part of upper wall 67. While the totally 
recessed valve box is preferred in the embodiment of Fig. 5, it is not a requirement. 
10 Sealable closure 37 is optional in this embodiment. 

[0049] After product has been introduced into interior 59 of tank 3, valve 49 and 
optional sealable closure 37 are closed. Top cover 7 may be installed loosely on valve 
box 53 and a purge gas may be introduced through valve 69 in order to purge the valve 
box and displace gas originally present therein. Alternatively, valve box may be sealed 

15 and purged via purge valve 69 and a purge vent valve (not shown). The purge gas may 
be any gas which is not considered a contaminant if present in the product such as, for 
example, helium or any other inert gas. After valve box 53 has been purged and sealed, 
additional purge gas may be added to pressurize valve box 53, typically to a pressure 
higher than atmospheric pressure and lower than the pressure of the product sealed in 

20 interior 59 of tank 3. Purge valve 69 and optional sealable closure 71 are then closed. 

[0050] In this embodiment, the system of Fig. 5 may be utilized to determine whether 
leakage has occurred in the valve box between a first time (i.e., when the valve box is 
initially pressurized) and a second, later time. An exemplary procedure comprises filling 
tank 3 with a product, for example, ultra-high purity ammonia, through sealable closure 

25 37 and valve 49. After filling is complete, sealable closure 37 and valve 49 are closed 
and cover 7 is placed loosely on valve box 53. A purge gas, for example helium, is 
introduced through sealable closure 71 and open valve 69 to purge atmospheric air from 
valve box 53. When purge is complete, cover 7 is sealed while introduction of purge gas 
continues at a low rate until the valve box reaches a predetermined pressure that is less 

30 than the pressure in tank 3 and greater than the pressure external to the tank, e.g., 
atmospheric pressure. Valve 69 is then closed. The temperature of valve box 53 is 
measured, and the initial pressure and temperature of the valve box are recorded. 
Optionally, the gas in the valve box is analyzed, for example by measuring its thermal 
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conductivity or by sampling and analyzing by other analytical means, and the 
composition data are recorded. 

[0051] After a period of time, typically hours or days but longer if necessary, the 
temperature and pressure of valve box 53 are measured and recorded. Optionally, the 
5 gas in the valve box is analyzed, for example by measuring its thermal conductivity or by 
sampling and analyzing by other analytical means, and the composition data are 
recorded. During this time period, the entire tank assembly may be transported to 
another location such as, for example, the site of an end user of the product stored in 
tank 3. Alternatively, the tank assembly may be stored without moving for a period of 



[0052] During this time period, several alternative scenarios are possible: 

(1) The pressure in valve box 53 at the end of the time period (after 
temperature compensation if necessary) is higher than that recorded at the 
beginning of the time period as a result of leakage from the tank into the valve 



10 



time. 



20 



25 



15 



box. In this scenario, some product will be found in the valve box because of 
leakage driven by a pressure gradient between the tank and valve box. In 
addition, a small quantity of purge gas may be found in tank 3 as a result of back 
diffusion driven by a concentration gradient between the valve box and the 
interior of the tank. In this scenario, leakage also may have occurred between 
the valve box and the surrounding atmosphere, but at a lower rate that the 
leakage from the product tank into the valve box. If this has occurred, a small 
quantity of gas from the surrounding atmosphere may have back-diffused into the 
valve box and from the valve box into the product tank. The amount of back- 
diffusion, however, is much smaller than the back-diffusion that would occur if the 
valve box were fully exposed to atmospheric contaminants. The potential for 
product contamination by atmospheric back-diffusion is significantly reduced by 
the introduction of the buffer or purge gas into valve box 53. 



(2) The pressure in valve box 53 at the end of the time period (after 
temperature compensation if necessary) is lower than that recorded at the 



30 



beginning of the time period as a result of leakage from the valve box into the 
atmosphere. In this scenario, some of the purge gas in valve box 53 may have 



leaked to the surrounding atmosphere because valve box cover 7 was not 



securely sealed. If no leakage has occurred between tank 3 and valve box 53, 
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no product will be present in the valve box and no back-diffusion will have 
occurred into the product in tank 3. In this scenario, however, leakage also may 
have occurred between the tank and the valve box, but at a lower rate that the 
leakage from the valve box to the surrounding atmosphere. This possibility may 
5 be checked by analyzing the gas in the valve box to determine if any product is 

present therein. If this has occurred, a small amount of gas from the surrounding 
atmosphere possibly may have back-diffused into the valve box and back- 
diffused from the valve box into the product tank. Back-diffusion of atmospheric 
contaminants into tank 3 will be small, however, since the valve box eventually 
10 will fill with the product contained in tank 3 and will approach atmospheric 

pressure. Analyzing the gas in the valve box will determine whether a leak 
occurred between tank 3 and valve box 53. 

(3) The pressure in valve box 53 at the end of the time period (after 
temperature compensation if necessary) is equal to that recorded at the 

15 beginning of the time period as a result of leakage from the tank into the valve 

box. In this scenario, it is most likely that no leakage has occurred and therefore 
no back-diffusion has occurred to contaminate the product in tank 3. However, 
there is a finite but very small possibility that some of the purge gas in valve box 
53 may have leaked to the surrounding atmosphere because valve box cover 7 

20 was not securely sealed and also that leakage may have occurred between the 

tank and the valve box at a rate equal to the leakage from the valve box to the 
surrounding atmosphere. This possibility, while unlikely, may be checked by 
analyzing the gas in the valve box to determine if any product is present therein. 
If this has occurred, some gas from the surrounding atmosphere possibly may 

25 have back-diffused into the valve box and back-diffused from the valve box into 

the product tank. The possible contamination of the product in tank 3 by back- 
diffusion through valve box 53 will be significantly reduced when the valve box is 
filled with product or a mixture of product and purge gas. 

[0053] Temperature compensation will be required when the initial and final 
30 temperatures of the valve box are different and this may be accomplished by multiplying 
the final pressure by the ratio of the initial absolute temperature to the final absolute 
temperature. The term "temperature-compensated pressure" as used herein means a 
pressure that has been corrected for temperature difference as described. A low-cost 
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thermal conductivity meter may be used for real-time purge gas analyses to provide 
immediate confirmation of leakage in the above scenarios. Alternatively or additionally, 
finite gas samples may be taken via a sample port in the valve box and analyzed 
externally by any appropriate analytical method. 

5 [0054] The scenarios described above may be used to make operational decisions in 
the delivery of ultra-high purity products from a product fill location to an end user 
location utilizing modular tank and frame system 1 fitted with the valve box assembly of 
Fig. 5. For example, a vendor who sells an ultra-high purity product and an end user 
who purchases the ultra-high purity product may devise operating procedures to ensure 
10 that the end user receives an ultra-high purity product and will not be exposed to 

potentially hazardous contact with the ultra-high purity product when removing valve box 
cover 7. Such procedures may include the following exemplary steps. 

[0055] Scenario (1) Ultra-pure product is delivered to the end user in modular tank and 
frame system 1 fitted with the valve box assembly of Fig. 5. The end user measures the 

15 pressure in valve box 53 upon receipt and compares it (after temperature compensation 
if necessary) to the pressure recorded by the vendor when the product was shipped. 
The pressure in the valve box as received is found to be higher than the pressure in the 
valve box when shipped, indicating leakage from the tank into the valve box. In this 
scenario, the modular tank and frame system is shipped back to the vendor's facility for 

20 further investigation of the problem and appropriate repair. 

[0056] Scenario (2) Ultra-pure product is delivered to the end user in modular tank and 
frame system 1 fitted with the valve box assembly of Fig. 5. The end user measures the 
pressure in valve box 53 upon receipt and (after temperature compensation if necessary) 
finds that the pressure in the valve box as received is lower than the pressure in the 

25 valve box when shipped, indicating that some of the purge gas in valve box 53 may have 
leaked to the surrounding atmosphere because valve box cover 7 was not securely 
sealed. In order to determine if leakage has occurred between tank 3 and valve box 53, 
the vapor in valve box 3 is analyzed to determine if product is present. If no product is 
present in the valve box, the end user will remove valve box cover 7, connect his product 

30 withdrawal system to sealable closure 37, and open valve 49. If product is present in 
valve box 53, the modular tank and frame system may be shipped back to the vendor's 
facility for further investigation of the problem and appropriate repair. 
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[0057] Scenario (3) Ultra-pure product is delivered to the end user in modular tank and 
frame system 1 fitted with the valve box assembly of Fig. 5. The end user measures the 
pressure in valve box 53 upon receipt and (after temperature compensation if necessary) 
finds that the pressure in the valve box as received is essentially equal to (i.e., varies by 
5 no more than the known variability of the pressure measurement device) the pressure in 
the valve box when shipped. This means most likely that no leakage of product into 
valve box 53 has occurred. However, there is a finite but very small possibility that some 
of the purge gas in valve box 53 may have leaked to the surrounding and also that 
product may have leaked from the tank into the valve box at a rate equal to the leakage 

10 from the valve box to the surrounding atmosphere. Depending upon the end user's risk 
tolerance, he can either (a) conclude there is no problem, open the valve box, connect 
his product withdrawal system to sealable closure 37, and open valve 49 or (b) analyze 
the vapor in valve box 3 to determine if product is present. If no product is present in the 
valve box, the end user can remove valve box cover 7, connect his product withdrawal 

15 system to sealable closure 37, and open valve 49. If product is present in valve box 53, 
the modular tank and frame system may be shipped back to the vendor's facility for 
further investigation of the problem and appropriate repair. 

[0058] Materials for the equipment used in any of the above embodiments should be 
compatible with the product contained and may be selected from known corrosion- 
20 resistant materials. Preferred materials for handling ultra-pure products such as 

ammonia, chlorine, hydrogen chloride, silicon tetrachloride, and trichlorosilane include 
stainless steel, Hastelloy® (Haynes International, Inc.), carbon steel, and Monel® (Inco 
Alloys International, Inc.). 



25 EXAMPLE 

[0059] The system illustrated in Figs. 1-5 is constructed for the transportation and 
storage of high purity ammonia. Valve 33, pipe segment 35, and sealable closure 37 are 
designed for filling tank 3 with high purity liquid ammonia having a maximum water 
concentration of 1 ppmv. In this application, pipe segment 51 (Fig. 4) extends to the 
30 bottom of tank 3. Valve 25, pipe segment 27, and sealable closure 31 (Fig. 3) are 
designed for vapor withdrawal service, wherein the pipe segment attached to the 
downward-directed port of valve 25 extends through bottom wall 21 and is placed in 
direct flow communication with the vapor head space in the upper region 59 of tank 3. 
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Likewise, valve 39, pipe segment 41 , and sealable closure 43 (Fig. 3) are designed for 
vapor withdrawal service, and the pipe segment attached to the downward-directed port 
of valve 39 extends through bottom wall 21 and is placed in direct flow communication 
with the vapor space in the vapor head space in the upper region 59 of tank 3. 

5 [0060] Top cover 7 and the top flanges of sealable closures 29, 37, and 43 are 
removed, valves 25, 33, and 39 are opened, and the tank is cleaned and purged in 
preparation for liquid loading. A liquid fill line is attached to closure 37 and liquid product 
is introduced into tank 3 to the desired level wherein the tank contains 25,000 pounds of 
product. Valves 25, 33, and 39 are closed, the fill line is disengaged, and the top flanges 
10 of sealable closures 29, 37, and 43 are installed and sealed. Top cover 7 is installed and 
sealed. 

[0061] The system is transported to a consumer and stored at the consumer's location 
for a period of time. When the demand for product from the system begins, top cover 7 
and the top flange of sealable closure 29 are removed, a product withdrawal line is 
15 attached to closure 29, and the line is purged to remove residual air. Valve 25 is opened 
to deliver vapor product via the product withdrawal line to final use. Valve 39, pipe 
segment 41 , and sealable closure 43 are held in reserve for use if product demand 
increases beyond that supplied by valve 25 or in the event of a leak or failure in valve 25 
and associated piping. 

20 
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